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Phosphorus Digestibility of Common Feeds in Louisiana Dairy Diets 

 
Vinicius R. Moreira, Asst. Professor; Laura Zeringue, Research Associate; Michael E. 

McCormick, Professor and Research Coordinator, Southeast Research Station 
 

 
INTRODUCTION 
Phosphorus-rich soils are considered among the most important reasons for fresh water 
eutrophication. In dairy operations, phosphorus (P) enters the property mainly as fertilizers and 
animal feed. Farmers have historically fed between 0.48 – 0.50 % P in the diet dry matter (DM) 
to lactating dairy cows. Those levels are well above recommendation (NRC, 2001), but 
resistance to change has been mainly because of reproductive concerns. Another concern 
particularly important is the lack of knowledge of P availability in feeds of different sources. The 
main objective of this trial was to estimate the P availability of feeds commonly used in 
Louisiana. A secondary objective will be to verify a possible relationship between dry matter 
intake (DMI) and estimated absorption coefficient. 
 
MATERIALS AND METHODS 
Two studies were carried out to evaluate P availability in feeds commonly used in dairy cows 
diets in Louisiana. 
Study 1. Two forage sources (Bahiagrass hay, BGH, and Ryegrass hay, RGH) were compared 
to cottonseed hulls (CTR) for apparent digestibility of P. 

 
Study 2. Two byproducts (expelled extruded soybean meal, XXSBM, and distillers grains, 
DDG) commonly used in Louisiana dairy diets were compared to cottonseed hulls (CTR) for 
apparent digestibility of P. 

 
Both studies. Diets based on corn silage, alfalfa hay, ground corn grain, soybean meal, urea, 
starch, cottonseed hulls, calcium carbonate, and mineral mix (Table 1) were formulated to 
contain energy, protein, Ca and P (≤ 0.32% DM) levels sufficient to supply cows’ requirements 
at predicted intakes (NRC, 2001). Cows were housed in the Calan gate (American Calan®, 
Northwood, NH) barn at least 10 days before (pretrial) and throughout the experimental period. 
Diets were fed twice daily as TMR mixed in a Data Ranger (American Calan®, Northwood, NH). 
Dietary DM adjustments were made based on corn silage weekly DM content. Cows were fed in 
the Calan gate barn to record weights offered and refused for each individual. 

 
Experimental design: Twelve mid-lactation multiparous cows in each study were divided 
among the three treatments in a 3 x 3 Latin square replicated four times. Period lengths were 21 
days, with 14 days of adaptation and seven days of data and sample collection. Feed offered was 
limited to 90% of fresh intake allowance measured during the first 6 days of week 2 in each 
experimental period. 

 
Sampling, analyses and data collection: Milk yield was electronically recorded during each 
milking (2x/d) during the last 7 days of each period. Milk samples were collected with 
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preservative for the last three days of each period, from each milking. Milk samples were 
analyzed for fat and protein by near infrared spectroscopy. Milk composition was calculated 
according to milk yield at each milking. Mixed feeds offered and refusals were weighed daily to 
estimate DMI. 

 
Forage samples were collected daily, frozen and composited weekly for nutrient analyses. 
Weekly fresh corn silage samples were used for DM adjustment of the diets. Mixed feeds offered 
and refused were sampled daily, frozen and composited weekly for DMI estimation. 
Concentrates were sampled weekly. Samples were dried in air-forced 60oC drying oven for 72 h 
and ground through a 1-mm screen in a Wiley mill. Ground samples are being analyzed for 
nitrogen (AOAC, 1990), fibers (NDF and ADF) adapted from Van Soest et al. (1991) for 
Ankom200/220 Fiber Analyzer, Ca and P (AOAC, 1990). Feed composition and digestibility will 
be presented on later publication. 

 
Fecal spot samples were collected on days 19 to 21 of each period every 3 h. Spot samples were 
dried, ground and composited before analyses. Indigestible ADF was used to determine 
digestibility coefficients and fecal P output. Dietary P absorption coefficient was calculated as 
the quotient of the estimated indigestible P and P intake, assuming that indigestible P is the 
difference between amount of P excreted in feces and P endogenous loss estimated according to 
Spiekers et al. (1993) as 1.0 g/kg DMI. 

 
Body weights were measured for two consecutive days at the beginning and end of the 
experiment. Body condition scores were evaluated by three scorers at the beginning and end of 
the experiment. 

 
Statistics: Animal performance data was analyzed using the MIXED procedure of SAS (2007). 
Two cows were removed from the analyses in Study 1 because of unrelated health problems. 
Least square means were reported, and significance was declared at P ≤ 0.05, and tendencies at 
0.05 < P ≤ 0.10. 
 
RESULTS 
Study 1. Cottonseed hulls control treatment increased (P ≤ 0.05) milk yield and dry matter 
intake by 2 and 4 pounds, respectively (Table 2). Despite small variation in milk composition, fat 
and protein yields followed a similar pattern to those observed for milk yield and dry matter 
intake (Table 3). Cows used in Study 1 rapidly dropped in milk production after the onset and 
remained low throughout the study. Advanced lactation (DIM = 223) may have played a role, but 
low intake was probably a major factor limiting milk production. Although all treatments had 
high fiber levels, small particles of cottonseed hulls were less likely to limit rate of passage 
through the rumen than hays tested. High levels of long lignified fiber in bahiagrass and ryegrass 
hays were probably retained longer in the rumen, required longer rumination, thus limiting 
intake. 

 
Cows fed bahiagrass had greater digestibility coefficients and phosphorus absorption coefficients 
(Table 4). Cows offered ryegrass had similar coefficients to those cows given control diet, 
despite higher intake and potentially faster rate of passage in cows on cottonseed hulls diet 
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compared to both other treatments. Only crude protein digestibility in the ryegrass-based diet 
tended (P ≤ 0.06) to be higher than in the control diet. Ryegrass hay used in this study had 4 
percentage units less NDF content than bahiagrass hay, but had 4 units higher ADF and that 
ADF had lower digestibility than in bahiagrass hay (14.3% vs. 10.3%). 

 
Study 2. Milk yield was higher with DDG diet and intermediary with XXSBM diet, despite 
lower dietary protein content with the latter (Table 4). However, diets DDG and XXSBM did not 
differ statistically when milk yield was corrected for energy output calculated based on butterfat 
(3.5% FCM) and based on butterfat and protein contents (ECM). Cows in both treatments (DDG 
and XXSBM) produced more milk than CTR treatment diet. Two factors may have caused this. 
This study used late lactation dairy cows (averaging 240 days in milk at the study’s end) that had 
lower milk yield and higher intake by design. Those cows would not likely respond to higher 
dietary protein content with XXSBM. Also, all diets included high proportions of cottonseed 
hulls, a highly palatable feed with low nutrient content. Cottonseed hulls were added to decrease 
dietary phosphorus concentration to maximize this nutrient’s digestibility. 

 
Dry matter intake was high (~55 lb/cow/d), despite feed offered was fixed below ad libitum 
intake during the last week of every period. Nonetheless, intake did not change appreciably 
across diets, and thus feed efficiency reflected milk yield differences (milk yield/dry matter 
intake). 

 
Milk fat content, milk fat yield, and somatic cells score (Table 5) were similar across diets (P ≥ 
0.05). Significant differences were detected for milk protein content and yield however those 
differences were small and have probably little biological significance. 

 
Dry matter digestibility was higher and protein digestibility was similar for XXSBM compared 
to DDG and digestibility coefficients for both were higher than when cows were fed CTR 
(cottonseed hulls). 

 
Little research has been carried out with expelled extruded soybean meal. Expelled extruded 
soybean meal showed potential for improved fat metabolism by lactating cows in an earlier study 
(Ure et al., 2005). In the current study, high production was surprising for heat-stressed, late 
lactation animals. Nonetheless, cows fed similar amounts of dry distillers’ grains or expelled 
extruded soybean meal performed similarly, despite a slightly higher estimated ether extract (fat) 
content with the former. One possible explanation is that higher dietary protein in XXSBM diet 
could have counteracted lower availability of energy from fat. Future research should focus on 
relative value of extruded expelled soybean meal compared to other protein and oil sources, 
using high-producing early lactation dairy cows. 
 
Acknowledgement: Expelled extruded soybean meal was processed and donated by Ferriday 
Oil Seed Processor's, L.L.C. 
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Table 1. Feed components and diet composition1. 

1 Treatments: BGH = Bahiagrass hay; RGH = Ryegrass hay; XXSBM = Ferriday extruded expelled soybean meal; DDG = Dry 
distillers grains; CTR = Cottonseed hulls. 
2 Mineral mix contained 1.33% Ca, 13.9% Mg, 27.3% Cl, 3.47% K, 18.2% Na, 5.02% S, 96ppm Co, 1937ppm Cu, 182ppm I, 
259ppm Fe, 4139ppm Mn, 69ppm Se, 12770ppm Zn, 520KIU/kg vitamin A, 105KIU/kg vitamin D, 1730IU/kg vitamin E. 
3 Composition: DM = dry matter; CP = crude protein; RUP = rumen undegradable protein as estimated by NRC (2001); NEL = 
net energy for lactation as estimated by NRC (2001); NDF = neutral detergent fiber; ADF = acid detergent fiber; NFC = non-
fibrous carbohydrate as estimated by NRC (2001); Ca = calcium; P = phosphorus. 

  Study 1  Study 2 

  BGH  RGH  CTR  XXSBM  DDG  CTR 
  (% DM)  (% DM) 

Corn Silage  23.2  23.2  23.2  20.0  20.0  20.0 
Ryegrass Hay  --  20.0  --  --  --  -- 
Bahiagrass Hay  20.0  --  --  --  --  -- 
Dry Distillers Grains  --  --  --  --  8.0  -- 
Extruded Soybean Meal  --  --  --     8.00  --  -- 
Alfalfa Hay  24.1  24.2  24.2  26.0  26.0  26.0 
Corn Grain, Ground  15.4  15.4  15.4  16.5  16.5  16.5 
Soybean Meal 48     8.78     8.78     8.78     8.58  8.58  8.58 
Mineral2     1.00     1.00     1.00     1.50  1.50  1.50 
Calcium Carbonate     0.80     0.80     0.80     0.80  0.80  0.80 
Cottonseed Hulls     4.20     4.39     16.3  13.9  13.9  13.9 
Starch     2.40     2.40     9.98     4.65  4.65  12.0 
Urea     0.25     0.00     0.50     0.10  0.10  0.80 
Total    100.0   100.0    100.0   100.0  100.0  100.0 
             
Forage %     67.2     67.3   47.3  46.0  46.0  46.0 
             

Composition3    NRC (2001) 

DM (% as is)  72.6  73.0     73.3  77.1  77.2  77.1 
CP (% DM)  17.1  16.3     15.7  16.9  16.5  16.5 
RUP (% DM)     5.10     5.30     5.10  6.10  5.00  7.3 
NEL (Mcal/kg)     1.48     1.51     1.48  0.69  0.68  0.7 
NDF (% DM)     45.8  45.2     42.7  36.6  37.9  35.3 
ADF (% DM)  24.1  24.9     25.5  26.1  26.0  25 
NFC (% DM)  36.6  37.6     41.9  39.9  43.9  41.2 
Ca (% DM)     0.77     0.78     0.72  0.78  0.76  0.8 
P (% DM)     0.26     0.30     0.24  0.33  0.34  0.28 
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Table 2: Milk production and dry matter intake for Study 11. 
  Hays  Hulls     

  BGH RGH  Cottonseed  SEM  TRT2 

Milk yield, lb/d  46.3 45.6  50.3  3.40    0.001 
Dry matter intake, lb/d  41.0 41.7  49.7  1.12  < 0.001 
Milk yield/dry matter intake     1.14    1.09     1.01  0.07  < 0.001 
1 Treatments: BGH = bahiagrass hay; RGH = Ryegrass hay; CTR = Cottonseed hulls. 
2 TRT = treatment effect. 

 
Table 3. Milk composition and components yield for Study 11. 
  Hays  Hulls     

  BGH RGH  BGH  SEM  TRT2 

Fat, %  3.81 3.72  3.91  0.13  0.14 
Protein, %  3.32 3.33  3.39  0.05  < 0.001 
SCS3  4.04 3.94  3.98  0.44  0.80 
Fat, lb/d  1.60 1.66  1.85  0.17  0.01 
Protein, lb/d  1.41 1.45  1.56  0.11  0.01 
1 Treatments: BGH = bahiagrass hay; RGH = Ryegrass hay; CTR = Cottonseed hulls. 
2 TRT = treatment effect. 
3 SCS (somatic cells score) = 3 + {[ln(SCC/100)]/0.6931}. 

 
Table 4. Coefficients of digestibility and phosphorus absorption coefficients for Study 11. 

Coefficients of 
Digestibility2 

 Hays  Hulls     

       BGH    RGH  CTR  SEM  TRT3 

DM, %  69.6 64.8  64.0  0.61  < 0.001 
CP, %  63.2 57.7  55.5  1.01  < 0.001 
P, %  34.2 25.7  21.1  2.94  0.01 
PAC3  72.6 59.6  63.4  2.94  0.01 

1 Treatments: BGH = bahiagrass hay; RGH = Ryegrass hay; CTR = Cottonseed hulls. 
2 DM = dry matter digestibility; CP = crude protein digestibility; P = phosphorus digestibility; PAC = 
phosphorus absorption coefficient. 
3 TRT = treatment effect. 
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Table 5: Milk production and dry matter intake for Study 21. 
  Byproducts  Hulls     

  XXSBM DDG  Cottonseed  SEM  TRT2 

Milk yield, lb/d  67.9 69.6  65.4  2.93    0.0002 
3.5% FCM3, lb/d  67.7 68.9  65.1  3.19    0.02 
ECM4, lb/d  66.7 68.1  64.8  2.92    0.02 
Dry matter intake, lb/d  54.9 54.5  54.4  2.75    0.84 
Milk yield/dry matter intake  1.25 1.28  1.21  0.07    0.009 
1 Treatments: XXSBM = Ferriday extruded expelled soybean meal; DDG = Dry distillers grains; CTR = Cottonseed 
hulls. 
2 TRT = treatment effect. 
3 3.5% FCM (3.5% fat corrected milk) = (0.432 × milk yield) + (16.2 × fat yield). 
4 ECM (energy corrected milk) = (0.3246 × milk yield) + (12.86 × fat yield) + (7.04 × protein yield). 

 
Table 6. Milk composition and components yield for Study 21. 
  Byproducts  Hulls     

  XXSBM DDG  Cottonseed  SEM  TRT2 

Fat, %  3.61 3.52  3.68  0.13  0.30 
Protein, %  3.05 3.04  3.18  0.06  <0.001 
SCS3  3.37 3.20  3.26  0.53  0.86 
Fat, lb/d  2.39 2.42  2.32  0.12  0.30 
Protein, lb/d  2.01 2.08  2.02  0.07  0.08 
1 Treatments: XXSBM = Ferriday extruded expelled soybean meal; DDG = Dry distillers grains; 
CTR = Cottonseed hulls. 
2 TRT = treatment effect. 
3 SCS (somatic cells score) = 3 + {[ln(SCC/100)]/0.6931}. 

 
Table 7. Milk composition and components yield for Study 21. 

Coefficients of 
Digestibility2 

 Byproducts  Hulls     

 XXSBM DDG  Cottonseed  SEM  TRT3 

DM, %  61.0 59.3  56.9  1.27  0.0001 
CP, %  58.6 56.3  46.6  1.79  <.0001 
P, %  16.0 16.2  6.3  4.03  0.02 
PAC3  45.9 45.3  42.1  4.03  0.52 
1 Treatments: XXSBM = Ferriday extruded expelled soybean meal; DDG = Dry distillers grains; CTR = 
Cottonseed hulls. 
2 DM = dry matter digestibility; CP = crude protein digestibility; P = phosphorus digestibility; PAC = 
phosphorus absorption coefficient. 
3 TRT = treatment effect. 
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Calcium and Phosphorus Supplementation for Transition Cows: 
Animal Performance and Digestibility 

 
Vinicius R. Moreira, Asst. Professor; Laura Zeringue, Research Associate; Michael E. 

McCormick, Professor and Resident Coordinator, Southeast Research Station 
 
 

INTRODUCTION 
Phosphorus-rich soils are considered among the most important reasons for fresh water 
eutrophication. Eutrophication is the nutrient over-enrichment of certain water bodies. In dairy 
operations, P enters the property mainly as fertilizers and animal feed. Farmers have historically 
fed between 0.48 – 0.50 % P in the diet dry matter (DM) to lactating dairy cows. Those levels 
are well above recommendation (NRC, 2001), but resistance to change has been mainly because 
of reproductive concerns. The combination of these factors can contribute to soil P build-up. The 
objective of this study is to evaluate the effect of Ca and P use by transition cows with the intent 
to increase feed phosphorus efficiency of utilization and to minimize mineral output in the 
excreta. 
 
MATERIALS AND METHODS 
Experimental design. Forty-three transition multiparous (3 lactations or more) dairy cows 
completed the feeding trial in 12 blocks (4 cows each). Cows were brought to the free-stall barn 
fit with electronic gates approximately 20 days before calving and remained in the study until the 
last cow in each block achieved 31 days in milk (DIM). Cows were milked twice daily. 

 
Diets. All cows were fed the same close-up diet from their arrival to the barn until the second 
day after calving. Cows were offered treatment diets on the third day after calving. A basal diet 
was estimated to contain 15 % below NRC (2001) mineral “total absorbed requirement” (TAR). 
Supplemental mineral premixed with ground corn was provided to achieve 20 % above TAR, in 
a factorial design. Four premixes were prepared to supplement the basal diet. Treatments were 
arranged in a 2x2 factorial as higher Ca – higher P (0.72 % HCa : 0.48 % HP, diet DM), higher 
Ca – lower P (0.72% HCa : 0.36 % LP, diet DM), lower Ca – higher P (0.53 % LCa : 0.48 % HP, 
diet DM), and lower Ca – lower P (0.53 % LCa : 0.36 % LP, diet DM). Total mixed rations 
(TMR) included alfalfa hay, bermuda grass hay, corn silage, ground shelled corn, mineral mix, 
and salt. Dietary mineral concentrations were adjusted with calcium carbonate and monosodium 
phosphate.  

 
Sampling, analyses and data collection. Feeds were offered twice daily and refusals collected 
before the morning feeding. Amounts of feed offered and refusals and milk yield were recorded 
daily. Apparent digestibility coefficients were determined based on total fecal collection for 3 
consecutive days when each block of cows averaged 20 DIM. For milk composition, samples 
were collected for 3 consecutive days when cows in a block averaged 30 DIM. Body condition 
score was estimated at -10 days before expected calving and 30 days in milk by 3 individuals.  

 
Statistics. Milk yield, dry matter intake (DMI), dry matter digestibility DMD, and milk 
composition data were analyzed as repeated measurements using Proc Mixed (SAS, version 9.1). 
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Milk production in the previous lactation and average DMI of the second week pre-partum were 
used as covariates for milk yield and DMI post-partum, respectively. 

 
RESULTS 
Table 1 shows ingredient composition and nutrient contents of pre trial dry diet and post calving 
treatment diets fed during this study. Multiparous cows used in this study achieved high levels of 
milk production during their first month of lactation (>94 lb/cow/d). There was no significant 
effect of Ca and P levels on intake, milk yield, or milk composition (Table 2). Large variation 
among cows may explain the absence of significance for milk yield differences despite the fact 
that cows on HCaLP diet produced 3.5 lbs more milk than LCaLP-supplemented cows. 
Digestibility coefficients were not affected by mineral content in the diets. There was no 
statistical significance in changes in body condition score and body weight. A preliminary 
evaluation of the data suggests that feeding Ca and P below NRC (2001) recommended levels 
did not limit animal performance during the first 30 days of lactation.  
 
IMPLICATIONS 
The practical application of this project can benefit both, farmers and environment. Nearly half a 
million dollars per year can be saved as lower feed costs because of lesser need for mineral 
purchase as farmers can feel confident to decrease P supplementation for dairy cows in Louisiana 
from 0.48 % P to levels within NRC (2001) recommendation (around 0.40 % P). That represents 
$1,600 per year for an average Louisiana dairy farm (120 cows). Moreover, as much as 230 tons 
of P can be voided from manure of dairy cows, thus decreasing the risk of P enrichment of 
Louisiana soils and public waters. 
 
Table 1. Ingredient contents of diets containing Ca and P 20% above or 15% below NRC (2001) 
recommendations estimated for early lactation dairy cows. 
Ingredients Dry cows HCaHP HCaLP LCaHP LCa-LP 
Alfalfa hay 15.4 10.0 10.1 10.1 10.1 
Bermudagrass hay 11.7    5.10    5.12    5.12    5.13 
Corn silage 45.6 36.7 36.7 36.7 36.8 
Whole cottonseed    3.91   0.0   0.0   0.0   0.0 
Corn grain, ground 13.4 25.5 25.6 25.6 25.6 
Soybean meal 48    9.66 18.4 18.5 18.5 18.4 
Treatment premix    0.00    2.84    2.35    2.33    2.35 
SE Exp. Min. Conc.    0.41    0.50    0.51    0.51    0.50 
Calcium Carbonate    0.00    0.71    0.71    0.71    0.71 
Monosodium Phosphate    0.00    0.04    0.04    0.04    0.04 
Salt    0.00    0.16    0.17    0.17    0.17 
Total 100.0     100.0     100.0     100.0     100.0 
      
Forage: concentrate   72.7   52.0   52.0   52.0   52.0 
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Nutrient contents2      
DM, % as fed 52.2      55.4      55.3      55.3      55.1 
CP, %DM 15.4      17.4      17.5      17.5      17.5 
RUP, %DM    4.60 5.50 5.60 5.60 5.60 
NEL, Mcal/lb DM    0.74 0.77 0.77 0.77 0.78 
NDF, %DM 39.9      29.1      29.2      29.2      29.2 
ADF, %DM 24.1      17.05      17.11      17.11      17.1 
NFC, %DM 39.1      47.0      47.2      47.2      47.5 
Ca, %DM    0.34 0.63 0.69 0.47 0.46 
P, %DM    0.33 0.50 0.38 0.50 0.38 
DCAD, mEq/lb     90.0    110.0      93.0    111.0      93.0 

1 HCa = higher calcium; LCa = lower calcium; HP = higher phosphorus; LCa = lower phosphorus. 
2 Composition: DM = dry matter as estimated; CP = crude protein analyzed; RUP = rumen undegradable protein as 
estimated by NRC (2001); NEL = net energy for lactation as estimated by NRC (2001); NDF = neutral detergent 
fiber analyzed; ADF = acid detergent fiber analyzed; NFC = non-fibrous carbohydrate as estimated by NRC (2001); 
Ca = calcium analyzed; P = phosphorus analyzed. 
 
 
Table 2. Performance of fresh cows fed diets containing Ca and P 20% above or 15% below 
NRC (2001) recommendations. 

 HCaHP HCaLP LCaHP LCaLP SEM  Ca P Ca*P
lb/d Treatments1   P ≤ 
DMI (6-31 DIM)2 46.3 45.5 48.3 47.1 1.26  0.29 0.31 0.82 
Milk yield (6-31 DIM) 97.9 98.1 96.9 94.6 3.21  0.45 0.74 0.68 
Fat  5.21 4.98 5.15 5.04 0.70  0.45 0.71 0.27 
Protein  4.13 4.09 4.06 4.16 0.46  0.75 0.37 0.76 
SCS (units)3 3.51 2.29 2.56 3.24 0.51  0.06 0.35 0.10 
1 HCa = higher calcium; LCa = lower calcium; HP = higher phosphorus; LCa = lower phosphorus. 
2 DMI = dry matter intake. 
3 SCS = somatic cells score. 
4 BW = body weight. 
5 BCS = body condition score. 
 
 
 
Table 3. Coefficients of digestibility of fresh cows fed diets containing Ca and P 20% above or 
15% below NRC (2001) recommendations. 
Coefficient of 
Digestibility2 

HCaHP HCaLP LCaHP LCaLP SEM  Ca P Ca*P
Treatments1   P ≤ 

DM 65.4 69.2 69.7 69.6 1.64  0.11 0.19 0.18 
CP 67.3 71.9 71.0 72.2 1.81  0.22 0.07 0.29 
Ca 28.8 42.4 35.6 29.3 6.16  0.56 0.49 0.07 
P 48.8 53.1 48.2 51.9 3.44  0.78 0.19 0.92 
1 HCa = higher calcium; LCa = lower calcium; HP = higher phosphorus; LCa = lower phosphorus. 
2 Coefficients of digestibility for: DM = dry matter; CP = crude protein; Ca = calcium; P = phosphorus. 
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Comparison between Two-Stage and Three-Stage 
Sequential Wastewater Treatment Systems 

 
Vinicius R. Moreira1,2, Assistant Professor; Brian LeBlanc1,3, Associate Professor; Eric 

Achberger1,4, Associate Professor; Ronald Sheffield1,4, Assistant Professor; Laura Zeringue1,2, 
Research Associate; and Claudia Leonardi5, Instructor, 1Louisiana State University Agricultural 
Center, 2Southeast Research Station, 3W. A. Callegari Environmental Center, 4Department of 

Biological and Agricultural Engineering, 5LSU Department of Experimental Statistics 
 
INTRODUCTION 
Lake Pontchartrain is an estuarine ecosystem located on the Gulf coast. Land use ranges from 
heavy urban/suburban to sparse agriculture and forestry. Over the past several decades Lake 
Basin water quality has decreased because of numerous insults, including dairy wastes. A single-
stage lagoon system with periodic pump-out and land application is the current recommendation 
for local dairies. A sequential treatment system (anaerobic lagoons – ANL, aerobic lagoons – 
AEL, constructed wetlands – WLD) showed potential for improving parlor wastewater effluent 
quality at the LSU AgCenter Southeast Research Station. A concerning aspect of the new system 
is that adequately sized aerobic lagoons require large potentially productive land area which may 
limit technology adoption by local small producers. The objective of this study was to evaluate 
pollutant abatement effectiveness of replacing second stage aerobic lagoon with smaller 
constructed wetlands. 
 
MATERIALS AND METHODS 
The Dairy Wastewater Treatment Evaluation System (DWTES) consists of replicated two-stage 
lagoons and constructed wetlands. Untreated dairy waste and wash-water enters the system twice 
daily (am and pm). Wastewater was pumped to a distribution box where it was equally split 
between two ANLs. Thereafter, wastewater flowed by gravity through the system, independently 
for each of the replicates. The effluent entered the next treatment stage, two AELs, at each new 
influx of wastewater. The outflow from aerobic lagoons was distributed among six WLDs, three 
for each system replicate. The DWTES was used to simultaneously compare and quantify 
treatment effectiveness of a control, three-stage system (ANL, AEL, WLDs) with a two-stage 
treatment (ANL, WLDs). Wastewater quality monitoring began November 20, 2006 and was 
completed in June 7, 2007. Sampling was conducted bi-weekly at all sites, starting with the 
untreated dairy wastewater and at the terminal end of each stage of the treatment system. 
Samples were analyzed for total solids (TS), total suspended solids (TSS), total dissolved solids 
(TDS), total coliforms counts (TCC), E. coli (Escherichia coli) counts (ECC), nitrate (NO3), 
nitrite (NO2), total Kjeldahl nitrogen (TKN), ammonia-N (NH3-N), total phosphorus (TP), 
chlorophyll-A, chemical oxygen demand (COD), dissolved oxygen measured at the surface 
(DOs), dissolved oxygen measured at mid-depth (DOm), pH, temperature, chloride, bromide, 
and sulfate. Analyses were performed on site and at the W. A. Callegari Environmental Center 
according to EPA and Standard Methods for Examination of Water and Wastewater (American 
Public Health Association, 1995). Treatment was applied 3 months to a replicate while the 
counterpart was maintained as control in a cross-over design. Statistical comparison was made 
among WLD effluents in different systems. Results were analyzed as repeated measurements 
using Proc Mixed (SAS, version 9.1). 
 



 13

RESULTS 
According to the design of this study, in period 1, one of the two AELs was by-passed and 
remained idle for 3 months, while the other received ANL effluent. In period 2, treatment was 
changed over and the system was tested for another 3 months. A small difference noticed in 
pollutant abatement between idle AELs and AELs continually receiving ANL effluent can be 
attributed to the effectiveness of AELs in the complete system. Treatment efficacies of most 
characteristics were significantly reduced when AELs were bypassed. Overall, the two stage 
system (ANL-WLD) performed at 65% of the complete system (ANL-AEL-WLD). Constructed 
wetlands combined surface area represented 41% of the AELs. Constructed wetlands receiving 
concentrated effluent from ANLs resulted in 39.2% (not including phosphorus removal 
efficiency) of the treatment efficacies of ANL-fed AELs, ranging from 1% for TKN to 49% for 
COD. Nitrogen removal was probably limited by decay of organic matter accumulated in WLDs 
receiving ANL effluent. While the majority of the characteristics analyzed for a two-stage were 
near the average efficacy of 39% compared to the AEL, others such as COD, TSS, phosphorus, 
and coliforms showed potential for greater removal per unit of area in WLD versus AEL. A very 
high proportion of phosphorus removal in WLD in this study was likely a result of adsorption 
sites availability on soil at the bottom of the cells, as a consequence of a relatively immature 
system. That is particularly important as WLD had previously (before this study) received only 
pre-treated wastewater effluent from ANL-AEL sequence, containing very low concentrations of 
organic matter and phosphorus. Consequently, phosphorus removal rates would likely fall to 
very low rates in the future. The objective of this study was to determine the potential for WLDs 
to replace AELs in a two-stage treatment system because of AEL’s size. However, our results 
showed that land requirement for WLD construction would be similar or greater than AEL 
currently used in DWTES. 
 
IMPLICATIONS 
Increasing herd size and greater proximity of human dwellings require improved waste 
management systems. Sequential anaerobic-aerobic lagoons followed by constructed wetlands 
intensified nutrient and pathogen removal in this study. Anaerobic lagoons effluent-fed wetlands 
can outperform aerobic lagoons per unit of area for some characteristics (COD, TSS, 
phosphorus, and coliforms). Land requirement for wetland construction to maintain comparable 
removal efficacies of nitrogen fractions would be large in two-stage treatment systems set as 
anaerobic lagoons followed by constructed wetlands. For situations in which nitrogen removal is 
required, we recommend two-stage sequential treatments (anaerobic lagoon-aerobic lagoon) or 
three-stage sequential treatments (anaerobic lagoon-aerobic lagoon-constructed wetland). 
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Table 1. Effect of three-stage biological treatment versus two-stage biological treatment of dairy milking center wastewater. 
    Control  Aerobic bypass  Effect (P <) 

Variables1   Unit   Fresh 
wastewater

Anaerobic 
Lagoon 

Aerobic 
Lagoon

Wetland  Fresh 
wastewater 

Anaerobic 
Lagoon 

Aerobic 
Lagoon

Wetland   TRT  SPL TRT*SPL

                 
Water quality analyses               
COD  mg O2/L  1893 625 219 210  1816 673 123 457  <0.001 0.04 0.33 

TSS  mg/L  1350 200.2 75.9 64.6  1254 212.5 52.2 151.0  <0.001 0.16 0.08 
TDS  mg/L  1004 568 389 364  949 556 317 482  <0.001 0.01 0.51 
TS  mg/L  2213 850 487 458  2177 849 388 702  <0.001 0.11 0.25 
                 
Nutrient analyses               
TKN  mg/L  110 105.5 31.1 36.0  106 99.7 11.3 99.0   0.006 0.05 0.03 
NH3-N  mg/L  55.7 48.0 12.2 10.1  54.7 48.0 3.1 33.0   0.11 0.01 0.04 

Organic N  mg/L  54.6 57.5 18.9 25.9  51.3 51.7 8.2 66.0     
TP  mg/L  42.8 37.5 36.6 24.1  57.3 65.4 25.9 38.6   0.01 0.01 0.76 
                 
Bacteriological analyses               
logTCC  log MPN/100mL  6.88 6.04 4.88 4.76  6.93 5.97 4.32 5.45  <0.001 <0.001 0.45 
logECC  log MPN/100mL  6.67 5.73 3.71 2.80  6.77 5.61 1.89 4.67  <0.001   0.005 0.08 

1 COD = chemical oxygen demand; TSS = total suspended solids; TDS = total dissolved solids; TS = total solids; TKN = total Kjeldahl nitrogen; NH3-N = ammonia N, Organic N 
= difference between TKN and NH3-N; TP = total phosphorus; logTCC = logarithm of total coliforms count; logECC = logarithm of E. coli (Escherichia coli) count. 



 15

An Assessment of Current Feeding Practices in Louisiana Dairy Farms - Preliminary 
Results 

 
 

Claudia Leonardi1; Vinicius R. Moreira2,3; Ronald D. Bardwell2,3; Michael E. 
McCormick2,3; Malcolm Autin1; Blake Perez1; and Mary Catherine C. Martinez1. 1Louisiana 

State University, Department of Experimental Statistics; 2Louisiana State University Agricultural 
Center; 3 Southeast Research Station. 

 
 

INTRODUCTION 
The general objective of the survey was to determine feeding practices employed by dairy 
farmers in Louisiana. Once the status quo is established recommendations on how to improve it 
can be developed.  

 
MATERIALS AND METHODS 
The survey was developed by two undergraduate students enrolled at LSU during the 2007 fall 
semester under the supervision of Dr. Claudia Leonardi. Financial support to develop and mail 
the survey was provided as an Undergraduate Research Grant from the College of Agriculture. 
The first portion of the survey consisted of general questions about the particular farm. This was 
followed by more specific questions about dairy cow feeding practices and was concluded with 
questions concerning the demography of the farmer(s). We kept this on one page, front and back, 
so that the survey was simple and quick to fill out. In order to make sure of the feasibility of the 
questions, two researchers (Dr. Vinicius Moreira and Dr. M.E. McCormick) and one extension 
dairy agent (Dr. R.D. Bardwell) located at the Southeast Research Station were involved at 
various stages of the survey development. Once prepared, the survey was submitted to the 
Institutional Review Board (IRB) for a waiver to the Testing Human Subjects requirement, on 
the basis that we were asking about farms practices and not testing human subjects. 
Subsequently, all farmers were mailed the following material: 

 A cover letter: the letter accompanying the survey was prepared following the LSU 
Institutional Review Board guidelines. The letter informed dairy farmers of what our 
survey entailed and explained that the data would be used for research purposes only. The 
letter informed the receiver that they did not have to reply. Also it provided the 
researchers’ contact information and the contact information of the LSU Institutional 
Review Board. 
 

 A survey: the survey was one page long (see above for general description). 
 

 A labeled and stamped envelope to return the completed survey. 
 

RESULTS 
A first mailing was sent on December 10th, 2007. When the survey was conducted the total 
number of dairy farms (population) consisted of 209 dairy farms. Because of the relatively small 
population size we decided to mail a survey to every dairy farm. By February 4, 2008, 53 
surveys were returned. A second mailing followed late in February. Overall, between the two 
mailings, one survey was returned blank, two were returned blank because they had the wrong 
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address and 81 replied, giving a 38.8% response rate. The average number of milking cows was 
108 with an average declared milk production of 15,613 lbs per year. Holstein was the most 
common breed of cow, with over 81% of the farms surveyed declaring it as their primary breed. 
Only 10% of the surveyed farms utilized Holstein x Jersey cross (Figure 1). 

 
While stalls were an option for housing, 87%, give or take 3%, kept their cows on pasture for the 
majority of the time. In fact of the farmers surveyed, pasture was listed as a main source of 
forage; 86% replied yes for the summer and 93% replied yes in the winter. This could potentially 
be a problem because of possible limited pasture availability in certain periods of the year, 
especially in years where extreme weather 
conditions occur. Despite pasture being a major 
feed source, only 21% of those surveyed replied 
that they did regularly test the forage (Table 1) 
and only 10 surveys reported forage crude 
protein percentage. More than half of 
respondents reported to know the crude protein 
content of the TMR/PMR/grain mix they fed. 
Cows were fed primarily on pasture with grain 
supplementation offered twice per day (Table 2). 
One diet was formulated for all milking cows in 
88% of the farms. The average milk production 
was used in diet balancing 71.4% of the time. 
Diets were most commonly formulated by the 
farmer (50.6%); the second most common 
formulator was a company nutritionist (32.5%). 
Milking cows diets were balanced 93% of the 
times for at least one nutrient. A breakdown of 
the nutrient by which the formulator balanced the 
diet is provided in Figure 2. Generally, more than 
50% of the farmers balanced their cows’ diet for 
CP and minerals. Between 40% and 50% of the 
farmers also balanced for energy, fiber and 
vitamins. 

 

Table 1: Feeding Practices I n1 Yes SE2 

    ·······%······· 
Do you feed TMR (Q 5) 19 26.0 4.1 
Do you formulate the same TMR/PMR/grain mix (Q 8)  69 92.0 2.5 
Do you know the CP content of TMR/PMR/grain mix (Q 11)  49 65.3 4.3 
Do you know the P content of TMR/PMR/grain mix (Q 12)  12 17.9 3.7 
Is your forage tested regularly (Q 13.1) 16 21.3 3.7 
Do you use a production information management system (Q 14) 33 43.4 4.5 
1n= number of surveys who reported an answer;  2SE= standard error  

 

Primary Breed (Q2)

Holstein

81%

Avg Prod=15368 lbs

Jersey 

3.8

Avg  Prod=15059 lbs  

Holstein x Jersey

10.13%

Avg Prod=16425 lbs

Other

5.06%

Avg Prod= 13885 lbs

Primary Housing (Q3)
Free Stalls

6%

Avg Prod=15241 lbs Loose House

3%

Avg Prod=15517 lbs

Pasture

87%

Avg Prod=15554 lbs

Other

4%

Avg Prod= 20000 lbs

Figure 1: Primary Breed and       
Primary Housing Facility. 
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Table 2: Feeding Practices II n Yes SE1 
Primary Feeding Method (Q 5.1, 5.2)  ·······%······· 
 TMR 11 14.7 3.2 
 Grazing 1 1.3 1.1 
 PMR 9 12.0 3.0 
 Grazing + grain 50 66.7 4.3 
 Other 4 5.3 2.0 
Feeding Frequency of TMR/PMR/grain mix (Q 6)   
 Never 10 13.7 3.2 
 Every other day 1 1.4 1.1 
 Once per day 9 12.3 3.0 
 Twice per day 51 69.9 4.2 
 More than twice per day 2 2.7 1.5 
Diet Formulator (Q 7)    
 Self 38 50.0 4.5 
 University Extension Specialist 3 4.0 1.8 
 Company Nutritionist 26 34.2 4.3 
 Independent Nutritionist Consultant 8 10.5 2.8 
 Veterinarian 0 0.0 n/a 
 Other 1 1.3 1.0 
Number of Diets (Q 8.1)    
 One 66 88.0 3.0 
 Two 7 9.3 2.7 
 Three 2 2.7 1.5 
 Other 0 0.0 n/a 
Production Level used in Diet Formulation (Q 9)    
 Average of all cows in the group 45 71.4 4.5 
 Average top 10% in the group 1 1.6 1.3 
 Average top 20% in the group 4 6.3 2.4 
 Top Cow 1 1.6 1.3 
 Don't Know 10 15.9 3.7 
  5 lbs above the group average 2 3.2 1.8 
1n= number of surveys who reported an answer;  2SE= standard error 
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Improving Nutritional Value of Summer Baleage Crops for  
Lactating Holstein Cows  

 
Mike McCormick, Professor, Shannon Forbes, Research Associate, Doug McKean, Research 
Associate, and Randy Walz, Research Associate, LSU AgCenter, Southeast Research Station 

 
Introduction: 
Baleage production has become widely accepted as a forage conservation method by dairymen in 
southern Mississippi and Louisiana.  The most widely used forage crop for baleage production is 
annual ryegrass presumably due to its ease of establishment, high nutritive value, and the 
inherently long drying time required for hay production.  Many dairy producers have had good 
success with ryegrass baleage but have sought other forage sources to use for baleage production 
to offset grazing shortfalls or supply forage for herd expansions.   
 
Research at this unit has shown that summer perennials such as bahia and bermudagrass will 
store acceptably as baleage if harvested at the proper maturity stage and dry matter, but often 
nutritional value is low and milk production is inferior to that obtained with ryegrass baleage.  
Alfalfa is a premier forage crop in much of the US, but disease and weed pressures limit stand 
longevity to less than three years in Louisiana.  However, it may be possible to inter-seed some 
alfalfa into existing bahiagrass sods which may improve the nutritional value of the harvested 
crop and at a reasonable alfalfa establishment cost.   

 
Another forage crop that has shown potential in plot and heifer palatability trials is brown mid 
rib (BMR) sorghum.  When BMR sorghum is harvested in the vegetative state, lab analysis 
indicates digestible energy levels approaching that of corn silage with higher protein 
concentrations.  In addition, in recent years BMR sorghum yields have been similar to traditional 
forage sorghum types such as ‘NK-300’ a forage sorghum variety widely accepted by local 
dairymen.  
  
Objectives:  1) To determine the value of interseeding alfalfa into bahiagrass when stored as 
bale silage (contrast pure bahiagrass baleage to bahiagrass baleage containing approximately 
25% alfalfa).  2) To determine the milk production potential of high digestibility sorghum bale 
silage (BMR) compared to high energy corn silage i.e. will the best quality sorghum baleage 
generate milk at levels comparable to high quality corn silage?). 
 
Protocol (forages):  In late fall of 2005, Amerigraze 702 alfalfa was no-till planted in 12 inch 
rows into an existing 12-acre field of ‘Argentine’ bahiagrass.   Planting rate was 7 lbs of live 
inoculated alfalfa seed per acre.  Recommended levels of lime, phosphate, potash, sulfur and 
boron fertilizer were applied.  In June of 2006 the bahiagrass-alfalfa forage (78:22 ratio of each) 
was cut, allowed to field wilt 24 hours, and baled in 4x4 foot round bales.  Bales were 
immediately wrapped in six layers of white stretch film.  Another pure stand of bahiagrass was 
handled similarly to provide the 100% bahiagrass baleage.  A twenty acre field was no-till 
planted (12 lbs seed/acre) in 36 inch rows to ‘BMR 106’ forage sorghum in early June 2006.   
Phosphate and potash were applied according to soil test and 100 units of N fertilizer were 
applied.  The forage sorghum was harvested approximately 8 weeks later at 4-5 feet height.  
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Following a 48hr drying period, the sorghum was baled and wrapped in six layers of stretch 
wrap.   
 
Protocol (Animals).  Forty eight lactating Holstein cows were used to evaluate the following 
forages 1) bahia baleage, 2) bahia-alfalfa baleage, 3) BMR-sorghum baleage, and 4) corn silage 
(positive control).  Cows were stratified based on lactation number, days in milk, and daily milk 
yield and randomly assigned to experimental forages.  Experimental forages were fed as TMRs 
and diets were individually fed in the Calan Gate Research Barn.  Milk production and TMR 
intake data were obtained daily and milk composition and cow weights were measured weekly.   
 
Results: The forage quality and lactation performance responses for the experimental baleage 
crops are presented in Table 1 (Averages with different superscript letters differ statistically).  
The dry matter content of the bahia and bahia-alfalfa baleages was near the recommended 50% 
level, but the high moisture content of the BMR sorghum stems resulted in a relatively wet 
baleage crop.  Protein content of the bahia inter-seeded with alfalfa was slightly higher, and NDF 
was several units lower than the pure bahiagrass baleage.  The lower NDF content in bahia-
alfalfa likely caused the improvement in digestibility and increased intake which translated into a 
5.9 pound increase in daily milk yield.  The BMR sorghum was higher in digestibility than either 
of the bahiagrass baleages and milk yield followed a similar trend.  The corn silage had the 
lowest ADF concentration, the highest digestibility, and the highest TMR intake of all the 
ensilages which led to the highest milk yield of all crops.  In summary, alfalfa interseeding in 
bahiagrass improved lactation performance of Holstein cows even at modest (22%) inclusion 
rates and BMR sorghum-fed cows performed at nearly the same rate as cows receiving an 
excellent corn silage based TMR. 
 
Table 1.  Forage Quality and Lactation Performance Related to Ensilage Source. 
 Ensilage Crops 
Item Bahia 

Baleage 
Bahia-
Alfalfa 
Baleage 

BMR  
Sorghum 
Baleage 

Corn 
Silage 

Dry matter, % 57.2a 52.6a 35.2b 29.2b 
Protein, % 10.1b 11.4c 12.9d 8.6a 
Acid detergent fiber, % 38.4a 37.7a 38.8a 24.0a 
Neutral detergent fiber, % 69.5a 64.8b 61.7c 41.4d 
Water soluble carbohydrate, % 2.2a 3.7a 8.0b 10.2b 
In vitro digestibility, % 71.6a 73.9a 79.6b 81.2b 
pH 5.7a 5.4a 4.5b 3.8c 
Intake, lbs dry matter/hd/d 43.6a 48.2c 46.6b 56.7d 
Milk yield, lbs/hd/d 56.7a 62.6b 67.4c 72.9d 
Milk fat, % 3.88a 3.92a 3.63b 3.82a 
Milk protein, % 3.02a 3.07a 3.07a 3.23b 
Milk urea N, mg/dl 16.4a 15.8a 17.4a 14.8b 
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Review of Louisiana and Mississippi Livestock Producer Sample Analyses (2008) 

K.J. Han, Assistant Professor, M. E. McCormick, Professor, R. Walz, Research Associate, LSU 
AgCenter, Southeast Research Station 

 
Summary  LSU AgCenter Forage Quality Analysis Laboratory has analyzed forage and feed 
samples from producers and university researchers since 1983.  Annually more than 2,000 
forage, byproducts, total mixed rations, and concentrated feed samples have been analyzed to 
determine feed values and mineral contents by the producers’ requests.  By October 2008, there 
were 982 sample analysis requests this year. Major sample submissions were mostly from 
Louisiana (634) and Mississippi (338).  Although the sample submission numbers are much 
smaller compared with the afore mentioned two states, producers from Tennessee, Alabama, 
Arkansas, and Texas submitted alfalfa, cool-season grass mixture, ryegrass, various warm-season 
grass, and bermudagrass samples.  Because there are still two more months in 2008, it may be 
early to make a valid conclusion of 2008 sample submittal trends.  However, overall aspect of 
feed values in producer samples will not be much affected by the future two month sample 
submissions.  This purpose of this report is to show sample analysis results (proportion of 
sample types; silage, pasture, hay, and by-products, species; bermudagrass, bahiagrass, ryegrass 
etc, and feed values; CP (crude protein) and TDN (total digestible nutrient) to stakeholder in LA 
and MS and ultimately to find a more advanced way to use sample analysis services.   

 
This year smaller sample submission numbers compared with previous years may be related to 
two hurricane events.  However, the proportion of sample types (hay silage, pasture, by-
products) and forage species appears similar to those in previous years; bermudagrass was the 
most frequently submitted forage sample (Fig 1).  Among the cool-season forage samples, 
annual ryegrass was most frequently submitted. Hay sample proportion has accounted for more 
than 30% of the total sample submittals (Fig. 2). Grazing sample submittals were usually below 
10%, which has not reflected real forage utilization.  Probably, grazing is the most common 
forage utilization type in LA and MS.  However, high frequency of hay sample submittals 
indicates relative importance of hay as an agricultural commodity. Long term forage submittal 
trends show a mirror image between hay sample proportions and concentrate feed sample 
proportion (Fig. 2). It may reflect a relationship between hay availability and concentrate feed 
consumption. Because crude protein (CP) and total digestible nutrient (TDN) are mostly related 
to livestock performance, this summary focused on CP and TDN in forages (Tables 1 and 2). 
Cool season grass contains generally higher CP and TDN than warm-season grass. Florida 
researchers reported warm-season grass may not have enough CP (>7.0) and TDN (>54%) to 
support the requirements of a growing heifer.  The average TDN in most warm-season grass hay 
was below 54% (Table 2).  However, warm-season grass is valuable forage resource during the 
long summer growing season in the southeast US. Management efforts to improve warm-season 
grass forage quality are required.  Harvesting warm-season grass before flowering may be one of 
the approaches. Also, besides cool-season legumes, production management for warm-season 
legumes needs to be developed. Sample submittals also included two brewer’s grain samples and 
one soybean meal, which contained 31.9 and 54.7% protein, respectively (data not presented).  
Utilization of various by-products needs to be re-evaluated as these roughage sources may help 
lower production costs. 
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Fig.1. Sample submission count by forage species from Louisiana and Mississippi producers in 
2008. 
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Table 1. Comparisons of CP(crude protein) concentrations in forage samples submitted by 
Louisiana and Mississippi producers in 2008 and CP averaged based on nine year sample 
submittals (1999 to 2007).  
Forage Pre-storage† Silage‡ Hay 

 
9 year 
average  2008  

9 year 
average  2008  

9 year 
average 2008 

 % 
Alfalfa 24.2 na 15.6 16.0 21.2 20.3
Clover 23.2 na 14.7 14.1 14.9 17.7
Other legumes 22.3 23.4 16.2 14.8 12.6 14.6
Annual ryegrass 21.4 17.5 13.7 13.4 10.7 11.6
CS grass mixture 21.0 na 12.6 8.6 10.8 12.8
Wheat 25.4 na 12.8 15.5 6.3 na
Bermudagrass 12.7 10.8 9.7 11.3 10.1 10.2
Bahiagrass 11.8 9.25 10.3 7.5 8.2 8.2
Crabgrass 13.6 na 12.4 8.5 9.5 10.0
Various WS grass 10.5 14.0 12.8 13.1 8.6 7.4
WS grass mixture 12.5 12.0 9.1 9.6 9.3 9.4
Corn silage 11.6 7.6 8.6 8.5 na na
Forage sorghum 12.3 na 12.2 9.7 11.2 na
Sorghum-sudangrass na  na 11.8 na 7.9 7.8

†: Pre-storage includes forage samples submitted as pasture and greenchop. 
‡: Silage includes baleage and chopped silage. 
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 Table 2. Comparisons of TDN (total digestible nutrient) concentrations in forage samples 
submitted by Louisiana and Mississippi producers in 2008 and TDN averaged based on nine year 
sample submittals (1999 to 2007).  
Forage Pre-storage† Silage‡ Hay 

 
9 year 
average  2008   

9 year 
average  2008  

9 year 
average 2008 

 % 
Alfalfa 70.8 na  58.5 65.0  65.4 65.3 
Clover 71.7 na  58.8 57.3  59.3 59.2 
Other legumes 71.2 67.3  58.8 56.7  57.0 53.0 
Annual ryegrass 71.1 63.7  61.8 61.2  57.0 57.4 
CS grass mixture 70.0 na  58.8 59.1  57.2 57.5 
Wheat 76.7 na  61.4 61.3  51.6 na 
Bermudagrass 56.5 54.1  50.5 53.6  53.1 54.7 
Bahiagrass 54.7 59.7  51.0 48.8  49.5 51.0 
Crabgrass 56.5 na  52.8 50.8  50.6 51.3 
Various WS grass 55.1 61.5  54.7 55.5  48.5 48.4 
WS grass mixture 55.8 54.9  59.4 50.8  50.8 51.9 
Corn silage 65.4 67.2  63.9 68.0  na na 
Forage sorghum 53.0 na  55.9 52.0  54.7 na 
Sorghum-sudangrass 61.2 52.1  56.0 na  49.1 52.1 

†: Pre-storage includes forage samples submitted as pasture and greenchop. 
‡: Silage includes baleage and chopped silage. 
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Sweet Sorghum Yield Potential as a Biofuel Crop in Southeast Louisiana 
 

K.J. Han, Assistant Professor, T. Doughty, Research Associate, J. Simmons, Research Associate 
LSU AgCenter, Southeast Research Station 

 
Introduction 
Sweet sorghum is differentiated from forage or grain sorghum by its high sugar concentration 
and large biomass yield.  Sugarcane milling factories run only from October to January when 
sugarcane is available for processing. Because sweet sorghum is produced as early as August or 
September, annual milling operations may be expanded an additional two months by including 
sweet sorghum as a potential sugar source. Compared with sugarcane, sweet sorghum requires 
less water (40% of sugarcane requirement) and less management. Because sweet sorghum has 
primarily been used as a forage crop, research on sweet sorghum as a sugar source is relatively 
scarce. Louisiana’s Sugarcane League supported statewide sweet sorghum research in the LSU 
AgCenter.  Currently, sweet sorghum studies are being conducted at eight LSU AgCenter 
research stations (please refer LSU AgCenter “Sweet Sorghum Blog”).  Some results from sweet 
sorghum studies are summarized to indicate current sweet sorghum yield potential and ethanol 
production potential in southeast LA.   
 
Material and Methods 
Two independent trials were conducted to investigate the effects of plant population, nitrogen 
fertilization, and variety on sweet sorghum production. The test was replicated four times on the 
field to validate the data.  Sweet sorghum variety M81E was tested under combinations of three 
seeding rates (2, 4, 6 lbs per acre) and five nitrogen fertilization rates (0, 40, 80, 120, 160 lbs per 
acre) beginning on April 8, 2008. Phosphorus (P) and potassium (K) fertilizer was applied to the 
plots at planting according to soil test recommendations made by the LSU Ag Center 
Cooperative Extension Service. As a pre-emergence herbicide, 1 lb per acre rate of Atrazine was 
applied immediately after planting.  When sweet sorghum was about 2-3 inches tall, 1 lb per acre 
rate of Atrazine and Dual herbicide was reapplied.  Nitrogen fertilizer was applied when sweet 
sorghum was 12 inches tall.  Sweet sorghum harvest was made on August 25, 2008 at mid-dough 
stage.  Ten stalks were passed through a mill three times to extract sweet sorghum juice.  Brix in 
sweet sorghum extract was measured to determine sugar content in sweet sorghum.  Conversion 
to fermentable sugar yield from brix and total sweet sorghum yield was made by the following 
formula: sweet sorghum total biomass × Brix/100 × 0.90 (Viator, personal communication).  
Estimated ethanol production from unit fermentable sugar is 0.51 (Chung, personal 
communication).  Four sweet sorghum varieties were chosen to evaluate yield performance at 
45,400 plant population per acre.  Dale sweet sorghum is the earliest maturing (115 days) variety 
among the tested varieties. Theis, Topper, and M81-E mature in 130 days.  Data collection and 
processing of sweet sorghum were similar to that described in the other study. 
 
Results 
Plant Population and Nitrogen Fertilization Effects: Sweet sorghum (M81E) individual plant 
weights were compared under three population levels (48,169, 96,340, and 144,507 plants/acre). 
Increasing plant population from 48,169 to 96,340 decreased individual sweet sorghum plant 
weight. Sweet sorghum plants weighed 1.68 lbs/plant under the lowest plant population. 
Individual plant weights at populations of 96,340 or 144,507 per acre did not differ.  Brix 
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numbers (sugar gm/100 gm water) from the lowest to the highest plant populations were 13.9, 
14.1, and 14.1, respectively.  Plant population change did not affect sugar content in sweet 
sorghum.  There were interactions between three plant populations and five nitrogen fertilizer 
combinations in total biomass and sugar content.     
 
Variety trial: First flowering of Dale was on July 7. The other three varieties including Theis 
flowered around July 17.  Sweet sorghum harvest was scheduled when a variety reached mid-
dough stage of maturity.  Because of Hurricane Gustav, harvest of M81E, Topper, and Theis 
were delayed to late dough stage.  Therefore, yields as wet weight of three test varieties were 
same or slightly higher than Dale.  Individual plant weight did not differ greatly (Table 1). 
However, brix of the varieties were different.  Brix number is used as an estimate of fermentable 
sugar content in the sweet sorghum extract.  Sugar contents in Dale and Topper were the highest.  
Although sugar yield and sugar quality of sweet sorghum can not match that of sugarcane, 
ethanol yield potential may be close to that of sugarcane. Estimated fermentable sugar yield 
(directly related to ethanol production) ranged from 3.6 to 4.0 tons per acre.  Target maturity for 
sweet sorghum harvest is mid-dough stage. Delayed harvest may result in lower sugar content 
and an increase in starch content.  Also, as experienced with this year’s hurricane season, 
delayed harvest may generate lodging problems.  Therefore, it seems to be very important in 
southeast LA to complete sweet sorghum harvest before hurricane season. Studies on earlier 
planting dates or studies on early maturing varieties to target earlier sweet sorghum harvest are 
required in the future.     
 
 
Table 1. Yield performance and sugar content averaged by each tested variety. 
 
  

Weight per 
plant 

 
Total yield 
Wet weight 

 
Brix 

 
Estimated  Fermentable 

sugar yield 
Variety lbs ton per acre  ton per acre 
Dale 1.3 26     16.0a† 3.8 
M81E 1.5 31  15.0bc 4.0 
Topper 1.3 26 15.6ab 3.6 
Theis 1.4 29 14.5c 3.7 
Average 1.4 28      15.3 3.8 
†Numbers followed by the same letter within columns are not statistically different.   
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Evaluation of Bermudagrass Pasture Interseeded with Clovers for Annual Yield 
Distribution and Feed Value Improvement (Year 1 Summary) 

 
K.J. Han, Assistant Professor, T. Doughty, Research Associate, J. Simmons, Research Associate 

LSU AgCenter, Southeast Research Station 
 
Introduction 
Bermudagrass is one of the most valuable forage resources in Louisiana and Mississippi 
livestock production filling the forage demand during the summer. However, warm-season 
grasses like bermudagrass bear some significant drawbacks in terms of high nitrogen (N) 
fertilizer requirement and low nutrient content.  Energy values and protein content in 
bermudagrass may be  suboptimal for an actively growing heifer’s nutrient demands in certain 
cases (poor fertilization management, delayed harvest, poor storage management, etc.).  
Legumes, like clover, can fix aerial N gas and may release N to soil.  Currently, rising 
production costs related to high commercial fertilizer prices demand more information about N 
credit coming from legume cultivations. Clovers are well adapted species in Louisiana and 
Mississippi. The amounts of N supplied from clovers vary depending on clover type and 
productivity.  Studies evaluating clover interseeding benefit to warm-season grass 
(bermudagrass) will be evaluated at the Southeast Research Station and other LSU AgCenter 
Research Stations for at least two years. This is the summary of the first year yield data at the 
Southeast Research Station.     
 
Procedures 
 
Six clover species (arrowleaf, ball, crimson, berseem, white, and red clover) were drilled into a 
monoculture bermudagrass pasture on November 21, 2007 to evaluate total forage yield, forage 
yield distribution and feed value improvement (Table 1).  Forage was harvested whenever the 
plant height reached recommended grazing height (approx. 6-10 inches).  Samples were taken to 
determine clover-weed ratio and potential N credit from red clover.  Nitrogen concentration in a 
sample was determined in the LSU AgCenter Forage Quality Analysis Lab.  
 
Results 
 
Total Forage Yield and Crude Protein Content. Three conventional fertilizer treatments 
(including zero fertilization) were compared with various clover interseeding treatments for total 
forage yield (Fig. 1).  Because of the pending final harvest, more yield data will be added to the 
total forage yield. However, final yield trends will not likely be much different than the current 
summary. The bermudagrass plot receiving 200 lbs per acre of conventional N fertilizer yielded 
the most forage.  Our comparison with clover interseeding treatment showed that pasture 
interseeded with berseem clover or crimson clover produced slightly less forage than the pasture 
that received 200 lbs of N fertilizer.  When we consider high protein content in the clover, it is 
obvious that clover interseeded pasture will produce more protein per unit acre of pasture 
without N fertilizer application.  Currently completed protein analysis covers only the 1st and 2nd 
harvests. Therefore the comparisons are limited to those harvests. The 1st harvest was an early 
harvest when clover was not fully established (early March harvest).  However, it is noteworthy 
that berseem clover and crimson clover plots already produced high crude protein forage with 
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early clover growth (Table 1).  Forage samples produced from the clover interseeded pasture 
contained more than 17% crude protein.  Bermudagrass crude protein content in the 2nd cut 
increased to 16 to 18% right after nitrogen fertilization.  This shows a quick response of 
bermudagrass to conventional fertilizer.  Probably, protein analyses on other harvests will 
confirm the larger protein yield difference between the clover interseeded pastures and 
conventional N fertilizer applied pastures.  
 
 
Table 1. Effects of conventional fertilizer treatments and clover interseeding  
treatments on sample crude protein content by cutting. 

 Crude protein %, DM basis 
Treatment 1st cut  2nd cut 

N 0 (No N fertilizer application) 10.7 11.4 
N 100 (100 lbs of N per acre/year) 10.4 16.6 
N 200 (200 lbs of N per acre/year) 10.1 18.2 
Ball clover (‘common’ 3 lbs/acre) 16.6 17.3 
Arrowleaf clover (‘Apache’, 8 lbs/acre) 15.9 12.1 
White clover (‘Durana’ 5 lbs/acre) 14.8 21.0 
Crimson clover (‘Dixie’, 15 lbs/acre) 16.8 18.8 
Red clover (‘Redland max’, 12 lbs/acre) 15.5 21.8 
Berseem clover (‘Bigbee’, 12 lbs/acre) 19.6 20.3 
Average 14.5 17.5 
 
Annual Forage Yield Distribution:    
 
Forage yields are presented by harvest date in Figure 2. However, there was a difference in 
forage utilization pattern in the pasture interseeded with clovers and the pasture without clovers.  
The first forage cutting date was not the same across treatments because of different growth 
behaviors between clovers and bermudagrass.  For example, berseem clover and crimson clover 
1st cuttings were possible as early as March 20 while monoculture bermudagrass first harvest was 
not possible until April 9.  Interseeding clovers provides forage for pasture utilization  before 
warm-season grass growth occurred. 
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Fig. 1. Total forage yield of the bermudagrass pastures received conventional nitrogen fertilizer 
(N 0, N 100, N 200 lbs per acre) or interseeded with various clovers (BAL, ball clover; ARR, 
arrowleaf clover; WHI, white clover; RED, red clover; BER, berseem clover; CRI, crimson 
clover).  
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Fig. 2. Annual forage yield distribution (DM yield, lbs per acre) of the bermudagrass pastures 
received conventional nitrogen fertilizer (N 0, N 100, N 200 lbs per acre) or interseeded with 
various clovers (BAL, ball clover; ARR, arrowleaf clover; WHI, white clover; RED, red clover; 
BER, berseem clover; CRI, crimson clover). 
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Evaluation of Red Clover as a Nitrogen Provider in Silage Corn Production 
 

K.J. Han, Assistant Professor, T. Doughty, Research Associate, J. Simmons, Research Associate 
LSU AgCenter, Southeast Research Station 

 
Introduction 
Corn is the most valuable forage crop in terms of high energy and yield potential. Due to its high 
productivity, corn requires higher rate of fertilizer than other crops. Using legumes to save 
commercial N fertilizer input is not a new concept. However, currently rising production costs 
related to high commercial fertilizer prices demands more information about N credit coming 
from legume cultivations. Legumes can fix aerial N gas into its tissue and ultimately decayed 
tissues release N to soil. However, the amounts of N supplied from legumes and N recovery by a 
following crop vary depending on legume type, soil type, soil carbon-nitrogen ratio, tillage etc. 
Preliminary studies involving clovers, warm-season grass, and silage corn were conducted at the 
Southeast Research Station to evaluate yield gain and N credit.  Based on the obtained results, 
more refined studies will be conducted.     
 
Procedures 
Red clover was drilled at a 12 lbs/acre seeding rate on November 15, 2007.  The field was 
divided into 12 plots on April 1, 2008 and forage samples were taken to determine clover-weed 
ratio and potential N credit from red clover.  Nitrogen concentration in a sample was determined 
in the LSU AgCenter Forage Quality Analysis Lab. Three soil treatments (Mowing; mowing 
clover and removing clover from the plot, Green manure; mowing and incorporating clover, 
Conventional; Mowing + commercial N fertilizer) were prepared before silage corn planting.  
Corn (FFR842RR2; relative maturity 117 days) was planted at 31,000 plants/ acre rate. Whole-
plant corn yield was measured on July 14, 2008.  
 
Results 
Random samples were taken from the red clover dominant sod to estimate clover composition, 
clover yield per acre (lbs/acre), and potential N credit.  There was a substantial amount of 
variation in clover composition by sampling location. Nitrogen concentration ranged from 2.8 to 
4.2% on a dry matter base.   As percent red clover in sampling location increased, N fertilizer 
contribution increased to a maximum of 106 lbs N/acre.   
 
Table 1. Red clover composition, nitrogen content, and potential nitrogen credit from red clover. 
Sampling spot Red clover 

composition, % 
Nitrogen content in red 

clover, % 
Nitrogen 
lbs/acre 

1 52 3.73   45 
2 60 3.26  76 
3   9 3.93  14 
4 80 4.11 101 
5 35 2.80   22 
6 84 4.18 106 
Average 53 3.68      60.7 
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A regression analysis based on red clover DM yield and N concentration in samples shows good 
estimation of potential N credit per acre (coefficient of determination of the regression was 0.97).  
However, further studies are required to validate the potential N credit from red clover. 
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Figure 1. Potential N credit from red clover to following crop.  
 
Corn production after red clover cultivation is summarized in Table 2.  Corn yields were 
numerically different by the three clover management treatments. However, the difference could 
not be fully proven because of a large variation between replicates. Although this study is 
focused on corn silage yield rather than grain production, ear percentage is very important 
because corn grain contains most of the digestible energy in silage.  Conventional corn 
production treatment had a lower ear: whole plant ratio than the other two treatments. Probably, 
more nitrogen from the fertilizer caused relatively more stem and leaf production.    
 
Table 2. Corn yield per acre after clover cultivation.  
 Mowing Green manure Conventional 
Total N input, lbs/acre       0     61   140 
Whole plant corn, lbs DM/acre   7,073a 8,244a 8,716a 
Fresh corn silage yield, tons per acre 
(30% DM basis) 

        10.7a         12.5a         13.2a 

Ear: whole plant, %      52a      48a     35b 
N recovery, %    NA    18   31 
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Performance of Cool Season Annual Forage Crops at the Southeast Research Station 
2007-2008 

 
K.J. Han, Assistant Professor, T. Doughty, Research Associate, LSU AgCenter, J. Simmons, 
Research Associate LSU AgCenter Southeast Research Station 
 
Introduction  
Annual ryegrass, oat, and rye variety trials were conducted to provide yield performance 
information to southeast LA forage producers.  Based on test results from this location, along 
with other regional research station results, recommended variety lists for LA-grown cool season 
annuals will be made. Recommended variety lists are available through the LSU AgCenter 
Cooperative Extension Service www.lsuagcenter.com.  Commercial varieties and experimental 
lines developed by either public or private breeding programs were tested for agronomic 
performance.  The trials are conducted each year including new entries and re-entered varieties. 
Cool season grass varieties were planted at the rate of 30 lbs/acre (annual ryegrass), 90 lbs/acre 
(rye), and 100 lbs per acre (oats) into a prepared seedbed on October 10, 2007. The trials are 
conducted in a randomized complete-block design with four replications.  Forage was harvested 
when eight to twelve inches tall, leaving 2-4 inches of stubble.  Cumulative forage yield of 
varieties was compared statistically.  For easier yield comparisons, current year yield results 
were separated by harvest.  Averages of three year yield test results are presented in the charts. 
The yield difference between the two varieties must be larger than the given LSD (least 
significant difference) to indicate varietal  differences.  

 
Annual Ryegrass (Table 1 & Figure 1): Yield performances of tested varieties in 2008 are 
presented in a descending order (Table 1). Total yield of varieties above that of “Maximus” form 
a higher yielding group (bold lettered varieties). Among them ‘Jumbo’ yields was not as much as 
other high yielding varieties until the early January harvest. In contrast to ‘Jumbo’, ‘ME4’ 
belonged to the high yielding group until early and mid spring but ranked lower among the test 
varieties as the growing season advanced. There was a difference in yield distribution among 
varieties. Figure 1 shows relative yield compared with variety averages. Ryegrass varieties 
yielded high in 2008 and also produced more forage than the variety average.  ‘Big boss’ didn’t 
belong to the high yielding group in 2008, but was superior based on its three year yield 
performance.   
 
Cereal Rye (Table 2 & Figure 2): Generally, rye is more cold tolerant than annual ryegrass and 
oats. Also, forage yield is more stable with low soil pH.  As a forage resource rye produces more 
forage during late fall and early spring than annual ryegrass.  Forage yield distribution shows the 
third cut producing more than half of the total forage yield (Table 3).  Figure 2 presents relative 
yield performance of rye varieties.  “Maton’, ‘Maton II’ and ‘Oklon’ yields were about 5% 
higher than ‘Wintergrazer’ 
 
Oats (Table 3 & Figure 3): Oats can be planted earlier and can produce forage earlier than 
ryegrass. Utilization of high quality forage in the early winter is realized. Varieties can be 
planted either alone or in mixtures with annual ryegrass to take advantage of these 
characteristics. Cold tolerance is generally weaker than cereal rye. As with rye yield distribution, 
the third oat cut made around early April produced the most forage. Oats started its reproductive 
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stage earlier and accumulated more biomass at the end of the growing season.  Delaying harvest 
later than the dough stage may result in low digestible forage production.  The high yielding oat 
varieties based on three year data in southeast LA are LA99016SBSB-98-S, PlotSpike LA 9339, 
and LA02030SBSBSB-S1. 
 

 
Table 1. Ryegrass, 2008 Dry Matter Yields by Cutting 

 
Variety Cut 1 Cut 2 Cut 3 Cut 4 Yield 

Total 
  1/7/2008 2/29/2008 4/7/2008 5/26/2008  
  lbs/acre 
FL/NE X2006 (Misc. 2X) LRCT 1538  4578  5718  3030  14865  
Rio 1567  3752  6190 2694  14202 
Jackson 1640  3352  6566 2483 14042 
ME4 1949 3087  6373  2315  13724 
Marshall  1648  3662  6325  2058 13694 
Royal Flush 1755  3690  5993  2133  13571   
MO 1 1703  3539  6102  2154  13498   
TAMTBO 1695  3418  5701  2655  13470  
Jumbo 1272  3468  5887  2808  13435  
Attain 1799  3077  5802  2745  13423  
Passerel Plus 1705  3804  5634  2231  13375  
FLX2002(LA3)LRCT 1601  3912  5548  2293  13354  
ME94 1638  3195  6588  1924  13346  
Prine 1545  3038  5970  2670  13222  
Maximus 1651  3709  5392  2271  13024  
Diamond T 1326  3321  6034  2309  12990  
Flying A 1623  3490  5691  2129  12933  
WD-40 1677  3794  5196  2062  12728  
TAM 90 1433  3650  5367  2216  12666  
DH3 1900  2877  5865  2015  12658   
Big Boss 1400  3217  5668  2337  12622  
Dyna-Gain 1761  3527  5320  1931  12540  
4X 1366  2945  5956  2258  12525  
Ed 1405  3675  5081  2337  12498  
Verdure 1314  3243  5600  2267  12426  
Gulf 1591  3135  5619  1855  12201  
Beef Builder III 1521  2977  5351  2318  12168  
WMN 97 1149  3084  5818  2066  12117  
Shiwasuaoba 1669  3592  4410 1764 11435 

Mean 1581 3442 5751 2287 13060 
LSD(0.05) 516 1065 929 570 1862 
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Fig. 1. Relative dry matter yield of ryegrass varieties for 3 year test period (2006-2008). 
Relative yield performance is percentage of a variety yield compared to the all-variety average.   
 
 
  
Table 2. Cereal Rye Dry Matter Yields by Cutting (2008) 
Variety Cut 1 Cut 2 Cut 3 Total  
  1/7/2008 2/29/2008 4/7/2008 Yield  

  lbs dry matter/acre 
Bates RS4 1859   2940   5228   10026   
Maton II (was NF 65) 2065   2841   5178   10084   
Maton 1657   2481   6043   10180   
Oklon 2131   2174   5950   10255   
NF95307A 1792   2769   5139   9699   
Wintergrazer 70 1879   3233   4886   9997   
Mean 1897 2739 5404 10040 
LSD (0.05%) 508 570 579 525 
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Fig. 2. Relative yield performance of rye varieties for 3 year test periods (2006-2008). 
Relative yield performance is percentage of a variety yield compared to the all-variety average.   

 
 
 

Table 3. Oat, 2008 Dry Matter Yields by Cutting 
Entry Cut 1 Cut 2 Cut 3 Total 
  1/7/2008 2/29/2008 4/7/2008 season 
  lbs/acre 
NF95418 2471   3857   5342   11670   
LA99017SBSBSB-275-C-B-S1 1832   3659   5870   11361   
PlotSpike LA 9339 2354   3084   5888   11327   
LA99016SBSB-98-S 2044   3626   5483   11153   
LA02030-S-B-106-S1-B-S2 2076   2955   5915   10946   
LA02030-S-B-106-S1-B-S1 2143   3285   5519   10946   
FL99212 1784   3300   5794   10878   
NF27 2349   2838   5278   10465   
FL99201 1993   3489   4779   10260   
LA02030SBSBSB-S1 2061   3625   4291   9977   
LA02048SBSBSB-S1 2127   3623   4009   9759   
LA02048SBSBS27 1931   2661   5025   9617   
LA99011SBSBSB-45-B-S-B-S2 1826   1686   5300   8812   

Mean 2076 3207 5269 10552 
LSD (0.05) 488 1184 1740 1255 
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Fig. 3. Relative dry matter yield of ryegrass varieties for 3 year test period (2006-2008). 
Relative yield performance is percentage of a variety yield compared to the all-variety average.   
 
 

 
Table 3. Oat, 2008 Dry Matter Yields by Cutting 
Entry Cut 1 Cut 2 Cut 3 Total 
  1/7/2008 2/29/2008 4/7/2008 season 
  lbs/acre 
NF95418 2471   3857   5342   11670   
LA99017SBSBSB-275-C-B-S1 1832   3659   5870   11361   
PlotSpike LA 9339 2354   3084   5888   11327   
LA99016SBSB-98-S 2044   3626   5483   11153   
LA02030-S-B-106-S1-B-S2 2076   2955   5915   10946   
LA02030-S-B-106-S1-B-S1 2143   3285   5519   10946   
FL99212 1784   3300   5794   10878   
NF27 2349   2838   5278   10465   
FL99201 1993   3489   4779   10260   
LA02030SBSBSB-S1 2061   3625   4291   9977   
LA02048SBSBSB-S1 2127   3623   4009   9759   
LA02048SBSBS27 1931   2661   5025   9617   
LA99011SBSBSB-45-B-S-B-S2 1826   1686   5300   8812   

Mean 2076 3207 5269 10552 
LSD (0.05) 488 1184 1740 1255 
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Performance of Warm Season Forage Crops at the Southeast Research Station, 
2008 

 
K.J. Han, Assistant Professor,  T. Doughty, Research Associate, J. Simmons, Research Associate 

LSU AgCenter, Southeast Research Station 
 
Introduction 
Sorghum-sudangrass and forage sorghum are warm season annual forage crops utilized as 
grazing, greenchop and silage/baleage.  Like any other variety trial in LSU AgCenter, the warm 
season annual forage crop performance trial is open to all public and private breeding programs. 
Both commercially available and experimental lines were tested for yield performance and feed 
values.  All sorghum and sorghum sudan varieties submitted for evaluation in 2008 were brown 
mid rib types (BMR), a natural mutant higher in digestibility than traditional types.  This 
summary on feed values will be limited to CP (crude protein) and digestibility because those two 
categories  directly affect livestock performance.  This year’s trial includes one commercial 
sorghum-sudangrass hybrid (GW300 BMR sorghum-sudangrass), one commercial sudangrass 
(ProMax BMR sudangrass), and one commercial forage sorghum (BMR106), and four 
experimental lines.  Sorghum-sudangrass and forage sorghum were planted on June 10, 2008 at 
the Southeast Research Station. Sorghum-sudangrass hybrid seeding rates were 30 lbs/acre 
drilled in a prepared seedbed.  Forage sorghum was planted at 25 lbs per acre. Before planting, 
the field trial area was sprayed with Round-Up® herbicide to control aggressively growing 
warm-season weeds and 75 lbs of 8-24-24 fertilizer was applied.  Later, 25 lbs of 33-0-0 was 
applied when forage crops had grown to 10 inches in height. Throughout the summer growing 
season, two harvests were made. Varieties were tested in four plots to compensate for field 
related variations. 
  
Results: 
Forage Yield (Table 1): Dry matter yield of the varieties ranged from 9,685 to 14,859 lbs per 
acre.  The highest yielding variety (GW300BMR sorghum-sudangrass) produced 53% more 
forage than the lowest yielding variety (BMR106 forage sorghum).  Yield distribution was well 
balanced in the two cut system.  The first cut produced about 60% of total forage yield.  In 
general, forage sorghum regrowth is not as productive as sudangrass regrowth, but forage yield 
in this field trial did not show that kind of yield decrease in the second cut.  First cut yield of two 
forage sorghum varieties accounted for 62% of total growing season yield.  After an initial 
harvest in early August, favorable growing conditions (fertilizer and enough rain) made a 2nd cut 
possible within 42 days.   
 
Feed Values (Table 2): Numerically, CP content in the 1st cut forage was slightly more variable 
than observed in the second cut among varieties.  However, real differences were only found 
between BMR106 and EXP3017xBMR or BMR106 and EXP6810xBMR.   The average CP 
concentration of varieties differed by only 1.3% between  cuts.  Crude protein concentration in 
the second cut forage was higher than in the first cut for four varieties. Digestibility of varieties 
was similar in the first cut.  Lower forage digestibility for  2nd cut GW300 BMR may indicate 
late season growth was through increased stem elongation.  
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Other General discussion: Sorghum x sudangrass hybrids and forage sorghum are 
recommended for use in areas with limited drainage and heavy soils. Although the forage crop is 
tolerant of low soil pH, appropriate soil pH is required for maximum yield. Recommended soil 
pH should be at least 5.5 or above.  Sorghum x sudangrass may cause toxicity by prussic acid ( > 
1800 ppm on dry matter base) when a plant is young or under stress (drought, frost, and sudden 
temperature drop).  To minimize the risk of prussic acid poisoning, grazing should not be done 
until the plants reach 24 inches tall or greater and should not be grazed if plants are under 
drought or cold stress. However, sorghum-sudangrass hybrids produce high amounts of good 
quality forage during the summer.  This forage is useful for summer grazing, hay and baleage. 
The thick, slow-drying stems make it more difficult to harvest as hay. Dry matter yields and 
energy value is lower than corn silage. However, sorghum-sudangrass has more flexibility in 
production and utilization.  
 
Table1. Summer Annual Variety Test, 2008 Dry Matter Yields by Cutting 

Variety Cut  1 Cut 2 Total Relative  
  8/7/2008 9/18/2008  season Yield 
  lbs/A  lbs/A  lbs/A   

GW-300BMR Sorghum-Sudangrass Hybrid 8919 a† 5940 a 14859 a 153 
EXP 3017x BMR Sorghum-Sudangrass 7820 ba 4887 b 12708 b 131 
EXP 2017x BMR Sorghum-Sudangrass 7266 bc 4338 cb 11604 bc 120 
Pro Max BMR Sudangrass 6767 bcd 4729 b 11496 bc 119 
EXP 6810x BMR Forage Sorghum 7056 bcd 4264 cb 11320 bc 117 
EXP 2017OWx BMR Sorghum-Sudangrass 6624 cd 4395 cb 11019 cd 114 
BMR 106 Forage Sorghum 6018 d 3667 c   9685 d 100 

Mean 7210 4603 11813  

†Numbers followed by the same letter within columns are not statistically different.   
 
Table 2. Summer Annual Variety Test, 2008 Digestibility and CP by Cutting 

Variety Cut  1 
 

Cut 2 

  Crude 
protein 

Digestibility Crude 
protein 

Digestibility 

  % 

GW-300BMR Sorghum-Sudangrass Hybrid 13.3abc† 62.6 13.1 60.3b 
EXP 3017x BMR Sorghum-Sudangrass 12.4bc 63.5 14.5 62.9ab 
EXP 2017x BMR Sorghum-Sudangrass 13.8ab 64.3 15.7 64.3a 
Pro Max BMR Sudangrass 13.2abc 65.0 15.4 64.1a 
EXP 6810x BMR Forage Sorghum 11.5c 63.8 14.5 64.7a 
EXP 2017OWx BMR Sorghum-Sudangrass 14.0ab 65.6 14.7 65.3a 
BMR 106 Forage Sorghum 14.8a 65.8 14.6 65.0a 

Mean 13.3 64.4 14.6 63.8 

†Numbers followed by the same letter within columns are not statistically different.   
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Farm Demonstration - Interseeding Cowpeas and Mungbeans into Bahiagrass to Improve 
Pasture Quality.   

 
Dr. Ronnie Bardwell, LCES Area Dairy Agent, LSU AgCenter, Southeast Research Station. 

 
 

A pasture demonstration was conducted at the farm of Mr. Allen Tarver in Folsom, La. This St. 
Tammany beef producer inter-seeded summer annual legumes, mungbeans and cowpeas into an 
existing ‘Pensacola’ bahiagrass sod in May, 2008. A ‘Plant-o-Vator’ minimum-till planter was 
used to fertilize, plant and renovate with a single pass.  Drills are spaced at 12” with 200 pounds 
of 8-24-24 fertilizer per acre applied at a depth of 3-4”. Cowpeas were planted May 10 and 
mungbeans were planted May 22 at the rate of 1 bushel per acre.  
 
The main objectives were as follows: 

1 To determine which legume would produce the highest quality forage and pounds of dry 
matter per acre when inter-seeded into a bahiagrass sod. 

2 To determine when the highest quality forage would be produced and how long would it 
remain at that level. 

 
Pasture samples were taken in 14”x14” quadrants in three different areas within each legume 
planting every seven days for five weeks beginning July 9th and ending August 6th 2008.  
 
Mungbeans had been planted for 47 days on the first harvest while cowpeas had been planted for 
59 days. Cowpeas produced 1.38 tons per acre for the first harvest and peaked at 3.92 tons on 
August 6th.  The lowest yielding harvest for mungbeans was 1.52 tons per acre the first harvest 
and the yield peaked at 4.50 tons per acre on the last harvest. Dry matter per cent for the cowpeas 
ranged from 18.5% to 28.2% for the five week study, while the mungbeans ranged from 18.7% 
to 33.1%. Both legumes had the lowest percent dry matter on the first harvest and the highest 
percent dry matter on the last harvest indicating that the summer legumes tend to decrease in 
moisture content with advancing maturity.  This helps explain why immature legumes require 
more drying time than more mature legumes when making hay or baleage. 
 
Crude protein of the cowpeas ranged from 15.8% to 20.0% while the crude protein of the 
mungbeans ranged from 15.4% to 16.6%.  The highest protein level of cowpeas occurred on the 
fourth harvest when the cowpeas had been planted for 81 days. The lowest crude protein level 
was observed on the first harvest 59 days after planting. The highest protein level of mungbeans 
was observed on the first harvest, 47 days after planting, while the lowest crude protein level 
occurred 69 days after planting.  Cowpeas produced from 0.22 tons of crude protein per acre on 
the first harvest to 0.65 tons of crude protein on the final harvest. Mungbeans produced from 
0.25 tons of crude protein per acre on the first harvest to 0.70 tons of crude protein on the final 
harvest. 
 
The acid detergent fiber (ADF) percent levels of the cowpeas ranged from 25.8% to 28.5%. The 
highest level was observed on the third harvest. The ADF of the mungbeans ranged from 24.5% 
to 29.3%. The highest level was observed at the second harvest and lowest level on the final 
harvest.  
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The in-vitro true digestibility (IVTD) percent for both legumes ranged from 63.7% to 71.7%, 
which is 8-12 units higher in digestibility than typically reported for bahiagrass pasture.  The 
highest IVTD percent for the cowpeas occurred from the second harvest while the highest IVTD 
percent for the mungbeans was observed on the first harvest. 
 
In conclusion, cowpeas and mungbeans, intereseeded into a bahiagrass sod in mid-May via the 
Plant-o-Vator produced  high quality, high digestibility forage for weaned and yearling beef 
calves. The best quality was achieved within 47 days for mungbeans declining thereafter, but the 
cow peas had high initial quality which remained until the final harvest at 88 days. The tons of 
dry matter per acre were 3.92 and 4.50 for the cowpeas and mungbeans, respectively. 
 
Thanks to Mr. Allen Tarver and grandson Stuart for participating in this legume demonstration. 
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Clover, Fertilizer and Lime Studies Using a Minimum 
 Till Planter on Bahiagrass Sod – Farm Demonstrations 

 
Dr. Ronnie Bardwell, LCES Area Dairy Agent 

LSU AgCenter, Southeast Research Station 
 

Three forage demonstrations were conducted on twenty-five (25) acres of established Pensacola 
bahiagrass pastures at Darrell Hoover’s farm in Montpelier, La. The demonstration included 
clover varieties, lime application comparisons, and fertilizer/pelletized lime comparisons.  A 
Plant-o-Vator (minimum-till) planter was used because pastures had not been plowed for at least 
ten years.  Tarver Equipment Sales of Folsom, La. supplied the Plant-o-Vator on November 28 & 
29, 2007. 
 
Study I 
 
Six clover varieties were planted on a five acre fine sandy loam (FSL) pasture with the following 
soil analysis:  pH = 5.5,   P = 75 ppm (very high),  K = 115 ppm (high),  Mg = 114 ppm 
(medium),  Ca = 776 ppm (low),  Na = 38 ppm (low) and organic matter = 2.6%. 
 
Clover treatments: 
 

1) White (5 lbs/acre) - Pinnacle (Pre-inoculated, P.I.) - Wax Seed Co. 
2) White (5lbs/acre) - Regal (P.I.) - Kentwood Cooperative 
3) Red (12 lbs/acre) - CW9504 (P.I.) - Ragan & Massey 
4) Arrowleaf (8lbs/acre) - Apache (P.I.) - Circle T 
5) Arrowleaf (8lbs/acre) - Ucchi - Kentwood Cooperative 
6) Crimson (15 lbs/acre) - Dixie (P.I.) - Dykes Dairyman Supplier 

 
Before planting clovers, agricultural lime was applied on top of pasture at the rate of one 
ton/acre.  Approximately 60 units of nitrogen were applied per acre on March 28, 2008.  A strip 
in the middle of the pasture across all clovers was not fertilized.  Baleage was harvested on April 
20, 2008.  The objective of this demonstration was to make forage producers aware of clover 
varieties and how clover can be planted into a bahiagrass sod.  Dr. Ed Twidwell and Wink 
Allison of the LSU AgCenter explained variety and management practice recommendations 
during the Forage Field Day on May 8, 2008. 
 
Study II 
 
In a second study, pelletized and agricultural limes were applied separately on 2½ acres each.  
Rates per acre were 2000 pounds and 400 pounds, agricultural and pelletized, respectively.  Both 
were replicated in the same pasture.  A pasture renovator (Aerway), minimum till planter (Plant-
o-Vator), and a disc were utilized as treatments, along with a control; that is, lime applied with 
no tillage treatment, across both kinds of lime.  Ryegrass (Gulf – 30 lbs/acre) was broadcast on 
this pasture the next day with 150 lbs. of  8-24-24/acre.  Soil samples were taken across all 
treatments at a 2” depth on three separate dates in February, March & April.  Sixty units of 
nitrogen per acre were applied on March 28, 2008.  Baleage was harvested on April 20, 2008. 
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As seen from the table below, mechanical soil treatment failed to appreciably increase soil pH, 
though the “Plant-o-Vator” treatment was slightly higher at the 4-28-08 sampling.  The soil pH 
levels for agricultural lime across all treatments for February, March, and April were 4.79, 5.09, 
and 5.12, respectively.  The soil pH levels for pelletized lime across all treatments for February, 
March, and April were 4.77, 5.03, and 5.15, respectively.  This data suggests similar soil pH 
responses to the tested lime sources at the levels employed. 
 
 
Soil pH after Soil Preparation    
 
                                   C             P             D               A 

 
 
 
 

Ryegrass forage samples were taken across all treatments on April 3, 2008.  Before the samples 
were taken, none of the treatment areas had been grazed or harvested for baleage or hay.  
Ryegrass yield responses as affected by lime source and soil preparation method are presented in 
the table below.  Furthermore, the pounds of dry matter per acre produced across all treatments 
from the agricultural lime were 648, while the pounds of dry matter per acre for the pelletized 
lime were 1247.  The data suggests that in spite of a lack of monthly soil pH differences related 
to lime source, forage yield data tended to favor the pelletized lime source. 
 
Pounds Ryegrass Dry Matter per Acre (4-3-2008) 
 
 

A - Pelletized Lime 1343 
A - Ag Lime 480 
D - Pelletized Lime 1151 
D - Ag Lime 672 
P - Pelletized Lime 2207 
P - Ag Lime 1247 
C - Pelletized Lime 288 
C - Ag Lime 192 

 
 
Study III 
 
On another 10 acres of bahiagrass pasture, Gulf ryegrass (30 lbs/acre) was planted using a Plant-
o-Vator on November 29, 2007.  Fertilizer and/or pelletized lime were also applied at planting 
using the Plant-o-Vator.  Each of the four treatments were applied on 2½ acres. 
 

1) 350 lbs 8-24-24/acre - no lime 
2) No fertilizer - no lime 
3) No fertilizer - 200 lbs of pelletized lime 
4) No fertilizer - 400 lbs of pelletized lime 

2-18-08 4.84 4.77 4.82 4.70 
3-13-08 5.15 5.02 5.02 5.13 
4-28-08 5.08 5.25 5.09 5.14 

A - Aerway 
D - Disc 
P - Plant-o-Vator 
C - Control 

A - Aerway 
D - Disc 
P - Plant-o-Vator 
C - Control 
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One hundred fifty pounds of 8-24-24 per acre was broadcast the following day on treatment 2, 3 
& 4.  Sixty units of nitrogen per acre were applied to all treatments on March 28, 2008.  Baleage 
was harvested on April 20, 2008. 
 
Soil samples were taken at a 2” depth on February (F) 18, March (M) 13, and April (A) 29, 2008.  
For the application of 200 pounds of pelletized lime per acre via the Plant-o-Vator, the pH levels 
for F, 4.76; M, 5.13; and A, 5.13.  The pH levels from the application of 400 pounds of pelletized 
lime were F, 4.76; M, 4.96; and A, 5.13. 
 
Pelletized Lime Effects on soil pH 
 
   
      200 lbs/A    400 lbs/A 

4.76 4.76 
5.13 4.96 
5.13 5.13 

 
Forage samples were taken on April 3, 2008.  Before samples were taken, none of the treatment 
areas had been grazed or harvested for baleage or hay.  The pounds of dry matter per acre for the 
fertilizer and no lime treatment were 3070 while the yield for the treatment of no fertilizer and no 
lime via the Plant-o-Vator was 864 pounds.  The pounds of dry matter per acre from the 
treatment of 200 pounds of pelletized lime were 2302, while the yield of 2878 was observed 
from the treatment of 400 pounds of pelletized lime. 
 
In conclusion, this pasture demonstration presented forage producers with the farm evaluations 
of forage management and production practices.  First, clover varieties are very site specific and 
producers should be aware that clover varieties perform differently in different sites.  From 
research studies it has been shown that clovers do produce nitrogen that is beneficial to grasses.  
Secondly, all treatments of incorporating lime produced more dry matter than did the control.  
Considerations to disturb the soil by some means when applying lime in permanent pastures 
should be made.  Pelletized lime did increase the soil pH and more pounds of dry matter per acre 
were produced across all treatments than did the application of agricultural lime.  It is suggested 
to collect more soil samples to see how much higher the pH levels would go and how long they 
would be sustained.  In this particular demonstration site, 400 pounds of pelletized lime applied 
via the Plant-o-Vator plus 150 lbs 8-24-24 broadcast at planting produced almost as much dry 
matter per acre as did 350 pounds of 8-24-24 fertilizer applied via Plant-o-Vator at planting.  
Thanks to Mr. Darrell Hoover for allowing this large demonstration to be done on his farm and 
to Mr. Allen Tarver for his assistance with the Plant-o-Vator to get the demonstration completed. 
 
 
 
  
 

2-18 
3-13 
4-28 
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